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ABSTRACT 



A projection monitor and a method of displaying an output 
image on a viewing screen of the monitor utilize a number 
of reconfigurable holographic optical elements (HOEs), 
allowing the components of the monitor to be physically 
arranged in a compact configuration. The reconfigurable 
HOEs may be designed to perform simple optical functions 
that are commonly associated with traditional optical 
devices, such as those performed by lenses, prisms and 
mirrors. However, the reconfigurable HOEs are also 
designed to perform sophisticated optical manipulations, 
such as varying the light intensity with respect to a specific 
direction. Each reconfigurable HOE includes a hologram 
that is sandwiched between two electrode layers. The holo- 
gram is a holographic photopolymeric film that has been 
combined with liquid crystal. The hologram has an optical 
property that changes in response to an applied electrical 
field. Preferably, the compact configuration of the monitor's 
components minimizes the required depth of the monitor, 
making the monitor ideally suited for desktop use. In a first 
embodiment, the monitor includes a mirror that reflects 
images projected from an image generator to a holographic 
reflector having reconfigurable HOEs. The holographic 
reflector operates to reflect and diffract the projected images 
to a viewing screen also having reconfigurable HOEs. The 
reconfigurable HOEs of the screen operate to diffuse the 
projected images in a predefined diffusion pattern. In a 
second embodiment, the image generator is positioned to 
project images directly to the holographic reflector, thereby 
eliminating the need for the mirror. 

20 Claims, 5 Drawing Sheets 
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(PRIOR ART) 



10/23/2002, EAST Version: 1.03.0002 



U.S. Patent Mar. 21, 2000 Sheet 2 of 5 6,040,928 




H D H 

FIG. 2 

10/23/2002, EAST Version: 1.03,0002 



U.S. Patent 



Mar. 21, 2000 Sheet 3 of 5 



6,040,928 





FIG. 3 



10/23/2002, EAST Version: 1.03.0002 



U.S. Patent 



Mar. 21, 2000 



Sheet 4 of 5 6,040,928 




h — D H 



FIG. 4 



10/23/2002, EAST Version: 1.03.0002 



U.S. Patent Mar. 21, 2000 Sheet 5 of 5 



PROJECT AN INPUT IMAGE FROM AN 
IMAGE GENERATOR 

i 

REFLECT THE INPUT IMAGE TOWARD A 
HOLOGRAPHIC REFLECTOR (FIRST EMBODIMENT) 

i — 

RECEIVE THE INPUT IMAGE BY THE 
HOLOGRAPHIC REFLECTOR 

i — 

REFLECT THE INPUT IMAGE TOWARD A 
VIEWING SCREEN BY A FIRST RECONFIGURABLE 
HOE OF THE HOLOGRAPHIC REFLECTOR 

RECEIVE THE INPUT IMAGE BY THE VIEWING SCREEN 

i ~ 

DIFFUSE THE INPUT IMAGE IN A PREDEFINED 
DIFFUSION PATTERN BY A SECOND 
RECONFIGURABLE HOE OF THE VIEWING SCREEN 



FIG. 5 
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HOLOGRAPHIC DESKTOP MONITOR 

This application claims the benefit of U.S. Provisional 
Application No. 60/108,670, filed Nov. 16, 1998. 

TECHNICAL FIELD 

The invention relates generally to projection systems and 
more particularly to a projection system having holographic 
optical elements. 

DESCRIPTION OF THE RELATED ART 

Projection systems operate to display an image or a 
sequence of images by projecting the image(s) onto a screen. 
These systems tend to be designed for multiple viewers and 
usually require the projection screen to have a large viewing 
area in order to achieve large fields of view at comfortable 
viewing distances. The projected images vary in size, 
depending on the particular projection system. For example, 
projection systems that are used in theaters are able to 
display projected images that are extremely large, while 
projection systems that are used in offices for presentations 
are typically limited to much smaller projected images. 

With reference to FIG. 1, an exemplary prior art projec- 
tion system 10 is shown. The projection system 10 includes 
a projector 12 and a projection screen 14. The projector and 
the screen operate to display a color image formed by 
projecting three monochromatic image components of the 
color image onto the screen. The projector 12 is comprised 
of an image generator 16 and projection optics 18. The 
image generator 16 contains a light source 20 that provides 
white illumination light to an input image display panel 22. 
The display panel would typically be based on reflective 
LDC or MEMs display technology. The display panel gen- 
erates the image components that are to be projected onto the 
screen. 

The image generator 16 also includes a color filter 24 that 
is positioned between the light source 20 and the display 
panel 22. The color filter 24 operates to pass only a selected 
portion of the illumination light, with the selected portion 
having a particular peak wavelength. The color filter is 
designed to sequentially transmit tristimulus color lights, 
i.e., red, blue and green lights. Typically, the color filter is a 
rotating disc having three transparent regions. These regions 
contain pigments to filter the illumination light based on 
wavelength. The rotation of the disc allows alternating 
colors to be sequentially transmitted through the disc. When 
light of a particular peak wavelength impinges upon the 
display panel 22, an input image component corresponding 
to that particular peak wavelength is displayed on the 
display panel 22. The image component is then projected 
toward the projection screen 14 through the projection optics 
18. This process is repeated for the other two colors. The 
sequential projection of the input image components that 
correspond to the tristimulus color lights allows the dis- 
played image on the projection screen to appear to be in 
color, due to fusion of the three image components within 
the eye integration time. The size of the displayed image on 
the projection screen is primarily determined by the projec- 
tion optics 18 and the distance between the projection optics 
and the projection screen. 

The projection optics 18 includes one or more zooming 
lenses (not shown) to magnify the projected image compo- 
nents from the image generator 16. These zooming lenses 
are selectively repositioned within the projection optics to 
provide specific magnification powers. The projection optics 
may also include one or more focusing lenses (not shown) 
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to focus the projected image on the screen 14. The projection 
screen may be configured for "reflective viewing," i.e., 
viewing from the side of the projection screen facing the 
projector 12, or for "transmissive viewing," i.e., viewing 
5 from the side of the projection screen opposite to the 
projector. 

A concern with conventional projection systems, such as 
the projection system 10, is that a large housing is required 
to incorporate the components of a complete projection 

10 system into an integrated device. This is partly due to the 
fact that the image generator and the projection screen need 
to be separated by a significant distance, increasing the 
minimum depth of the housing. 
Therefore, what is need is an efficient projection system 

15 having a compact optical configuration that can display 
color images of high quality. 

SUMMARY OF THE INVENTION 

20 A projection monitor and a method of displaying an 
output image on a viewing screen of the monitor utilize a 
number of reconfigurable holographic optical elements 
(HOEs), allowing the components of the monitor to be 
physically arranged in a compact configuration. The recon- 

25 figurable HOEs may be designed to perform simple optical 
functions that are commonly associated with traditional 
optical devices, such as those performed by lenses, prisms 
and mirrors. However, the reconfigurable HOEs are also 
designed to perform sophisticated optical manipulations, 

3Q such as varying the light intensity with respect to a specific 
direction and/or generating virtual (holographic) images. 
Preferably, the compact configuration of the monitor's com- 
ponents minimizes the required depth of the monitor, mak- 
ing the monitor ideally suited for desktop use. 

35 Each reconfigurable HOE of the monitor includes a 
hologram that is sandwiched between two electrode layers. 
The hologram is a holographic photopolymeric film that has 
been combined with liquid crystal. The presence of the 
liquid crystal allows the hologram to exhibit optical char- 

4D acteristics that are dependent on an applied electrical field. 
Preferably, the hologram is a Bragg-type hologram, having 
a high diffraction efficiency. The electrode layers may be 
made of Indium Tin Oxide (ITO), which typically has a 
transmission efficiency of greater than 80%. 

45 The reconfigurable HOE has at least two optical operating 
states, a diffractive state and a passive state. The diffractive 
properties of the reconfigurable HOE primarily depend on 
the recorded holographic fringes in the photopolymeric film. 
In the diffractive state, the reconfigurable HOE diffracts 

50 propagating light in a predefined manner. In the passive 
state, the reconfigurable HOE does not optically alter the 
propagating light. Initially, the hologram of the reconfig- 
urable HOE is in the diffractive state, such that received light 
is diffracted in the predefined manner. However, when an 

55 electrical field is generated in the hologram by applying 
voltage to the electrode layers of the reconfigurable HOE, 
the operating state of the hologram switches from the 
diffractive state to the passive state. 
In a first embodiment of the invention, the projection 

60 monitor includes an image generator, a mirror, a holographic 
reflector and a viewing screen that are collectively contained 
within a housing. The projection monitor further includes 
two conventional optical devices whose main function is to 
assist in the image transfer but which are not of key 

65 significance to the understanding of the invention. 
Preferably, the depth of the housing is approximately half 
the height of the viewing screen. The image generator of the 
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monitor is configured to sequentially generate and project the holographic reflector, thereby eliminating the need to 

three monochromatic image components for each color utilize the mirror in order to reflect the projected image 

image to be displayed on the viewing screen. The composite components from the image generator to the holographic 

color image is formed on the viewing screen by sequentially reflector. In this embodiment, the monitor includes only a 

displaying the three projected monochromatic images that 5 single optical device. The single optical device is positioned 

correspond to the tristimulus colors, i.e., red, blue and green. between the image generator and the holographic reflector. 

With a sufficiently fast display rate, the sequentially dis- similar to the two optical devices of the first embodiment, 

played monochromatic images form a single image that will ^ ^ ^ device ^ to CQrrect off . axis aberfa _ 

appear to be in color, due to fusion of the three image tions Note ^ ^ a5errations m corrected by optimizing 

components within the eye integration time. 1Q ^ componeDts in the pro jection monitor. The holographic 

The mirror and the holographic reflector operate to direct re fl ec tor would play an important role in this optimization 

the projected image components from the image generator to process. Depending on the orientation of the holographic 

the viewing screen. The mirror is positioned in the line of re fl ec tor with respect to the viewing screen, the reconfig- 

sight of the image generator and is positioned to reflect the urable H0Es of the holographic reflector and the viewing 

image components to the holographic reflector. The holo- 15 &creen in the second embodiment may be holographicaUy 

graphic reflector is positioned to receive the image compo- configured differently than the reconfigurable HOEs in the 

nents from the mirror and to reflect the image components ^ embodiment. However, the operations of the holo- 

to the viewing screen. The optical devices of the monitor are grap hic reflector and the viewing screen are identical for 

situated in the path of the propagating image components to bom embodiments 

correct off-axis aberrations that are caused by the physical 20 1q addition tQ dk l in ^ ^ ^ rojection 

arrangement of the monitor s components. The first optical moaitor ^ accordance with both embodiments can operate 

device is situated between the image generator and the , , f , , r 

, .. , j * in a see-through mode. In the see-through mode, the recon- 

mirror, while the second optical device is located between fi We HQEs of , he hol hic reflector and the viewi 

the mirror and the holograpmc reflector screen are all set to the passive state. This feature allows a 

The holographic reflector includes three reconfigurable 25 viewer t0 S6e ^ ; Splayed on a display 

HOEs that are holographicaUy configured to reflect and tem posit ioned behind the projection monitor through the 

diffract the projected monochromatic image components holograpnic reflector snd the viewing screen of the monitor, 

toward the viewing screen. Each reconfigurable HOE of the wi(h (he reconfigurable HOEs of the holographic reflector 

holographic reflector is also configured to optically manipu- and the wiewin ^ set t0 ^ ive slat6j the projection 

late only the monochromatic image component of a single 30 monitor could also be used simply as a window. This may be 

tristimulus color when in the diffractive state. In a switching adva ntageous in applications where visibility of surround- 

cycle that is both chromatically and temporally synchro- k is importanl> for example> k vehic i e and aircraft 

mzed with the sequenced projection of the monochromatic applications 
images by the image generator, the reconfigurable HOEs of 

the holographic reflector are electrically manipulated to 35 BRIEF DESCRIPTION OF THE DRAWINGS 

establish a rotation in which one color-specific reconfig- ~ . t_ *• j- c i • * 

li tiAF ■ iL j ±i L-i 4 l ji FIG. 1 is a schematic diagram of an exemplary prior art 

urable HOE is set to the diflractive state, while the other . . ^ r J r 

color-specific reconfigurable HOEs are set to the passive p J y 

state. Thus, at any given time, only one of the reconfigurable FIG - 2 1S a schematic diagram of a compact projection 

HOEs of the holographic reflector is enabled to the difirac- 4 o monitor in accordance with a first embodiment of the present 

tive state to manipulate its monochromatic image compo- invention. 

nent. FIG. 3 is a schematic diagram of the components of a 

The viewing screen also includes three reconfigurable holographic reflector included in the compact projection 

HOEs. Similar to the three reconfigurable HOEs of the monitor of FIG. 2. 

holographic reflector, each reconfigurable HOE of the screen 45 FIG * 4 . is a schematic diagram of a compact projection 

is holographicaUy designed to optically manipulate the monitor in accordance with a second embodiment of the 

projected monochromatic image component of a particular invention. 

tristimulus color. However, the three reconfigurable HOEs FIG. 5 is a flow diagram of a method of displaying an 

of the screen are holographicaUy configured to diffuse the output image on a viewing screen in accordance with the 

projected monochromatic image components in a predefined 50 invention, 
diffusion pattern by angularly varying the light intensity of 

the image components that are transmitted through the DETAILED DESCRIPTION 

viewing screen. The predefined diffusion pattern allows the With reference to FIG. 2, a compact projection monitor 26 

viewing screen to display a uniformly bright color image in accordance with a first embodiment of the invention is 

formed by the diffused monochromatic image components, 55 shown. The projection monitor includes an image generator 

even at large viewing angles. In operation, the reconfig- 28, a first optical device 30, a mirror 32, a second optical 

urable HOEs of the screen are selectively enabled to one of device 34, a holographic reflector 36 and a viewing screen 

the optical states in the same manner as the reconfigurable 38 that are collectively contained within a housing 40. The 

HOEs of the holographic reflector. That is, the switching optical configuration and the physical arrangement of the 

cycle of the reconfigurable HOEs of the viewing screen is 60 components within the housing aUow the monitor to have a 

identical to the switching cycle of the reconfigurable HOEs more compact size than conventional projection systems, 

of the holographic reflector in order to sequentiaUy diffuse such as the prior art projection system 10 of FIG. 1. 

each different monochromatic image component projected Preferably, the monitor is sufficiently compact, so as to be 

by the image generator. utilized as a display system that can be placed on an ordinary 

In a second embodiment of the invention, the image 65 office desk. In the preferred embodiment, the depth D of the 

generator of the monitor is positioned relative to the holo- monitor is approximately half the height H of the viewing 

graphic reflector to project the image components directly to screen. 
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The compactness of the projection monitor 26 is primarily manipulated by optical devices 30 and 34 and the mirror 32 

due to the utilization of what will be referred to as "recon- toward the holographic reflector 36. The optical devices 

figurable holographic optical elements" (HOEs) in the holo- provide the optical interface between the image generator 

graphic reflector 36 and the viewing screen 38. Similar to and the reconfigurable HOEs of the holographic reflector, 

conventional HOEs, these reconfigurable HOEs can perform 5 while the mirror provides the necessary reflecting of the 

functions typically associated with traditional optical input images in order for the image components to be 

elements, such as prisms, lenses and mirrors, as well as more properly projected toward the holographic reflector. The 

sophisticated optical manipulations. However, the reconfig- optical devices 30 and 34 may include a combination of 

urable HOEs can alter their optical properties when an off-axis aspheric, cylindrical and prismatic optical elements 

electrical field is applied. 1Q to correct off-axis aberrations that are caused by the arrange- 

The reconfigurable HOE includes a hologram that is ment of the monitor's components. The optical devices may 

sandwiched between two electrode layers. The hologram is be designed to be anamorphic to compensate for image 

preferably a Bragg-type hologram, having a high diffraction format distortions. 

efficiency. The hologram is a holographic photopolymeric The holographic reflector 36 includes three reconfigurable 
film thai has been combined with liquid crystal As an 15 HOEs 42, 44 and 46. The three reconfigurable HOEs are 
example, the photopolymeric film may be composed of a holographic ally designed to reflect the image components 
polymerizable monomer having dipentaerythritol received from the optical device 34 toward the screen 38 and 
hydroxypentacrylate, as described in PCT Application No. also to diffract the image components, so that the image 
PCT/US97/12577 by Sutherland et al. Tlie liquid crystal can components have been spatially compensated for geometric 
be suffused into the pores of the photopolymeric film. The 2Q distortions when displayed on the screen. Furthermore, each 
holographic firinges may be recorded into the photopoly- of the reconfigurable HOEs is holographically configured to 
meric film either prior to or after being combined with the optically manipulate only the image components of a par- 
liquid crystal. In the preferred embodiment, the photopoly- ticular tristimulus color. The reconfigurable HOEs operate in 
meric material is combined with the liquid crystal prior to a a chromatic synchronization with the sequenced projection 
recording. In this preferred embodiment, the liquid crystal 25 of the image components to selectively manipulate the 
and the polymer material are pre -mixed and the phase image components to the viewing screen 38. 
separation takes place during the recording of the hologram, The viewing screen 38 also includes three reconfigurable 
such that the holographic fringes become populated with a HOEs 48, 50 and 52. Similar to the reconfigurable HOEs of 
high concentration of liquid crystal droplets. This process the holographic reflector, the reconfigurable HOEs 48-52 
can be regarded as a "dry" process, which is advantageous 30 are each configured to optically manipulate the image corn- 
in terms of mass production of the reconfigurable HOEs. ponents of a particular tristimulus color. However, the 

Recording of the hologram can be accomplished by a reconfigurable HOEs 48-52 are also holographically 

traditional optical process in which interference fringes are designed to diffuse the image components in a wide diffu- 

created by applying beams of light. Alternatively, the inter- sion pattern, so that the viewing screen displays a uniformly 

ference fringes may be artificially created by using highly 35 bright color image formed by the diffused image 

accurate laser writing devices or other optical replication components, even at large viewing angles. The wide diffu- 

techniques. The electrode layers that are adjacent to the sion pattern is produced by angularly varying the light 

hologram are made of a transparent conductive material. As intensity of the image components that are transmitted 

an example, the electrode layers may be made of Indium Tin through the reconfigurable HOEs of the viewing screen. 

Oxide (ITO), which usually has a transmission efficiency of 40 Structurally, the holographic reflector 36 and the viewing 

greater than 80%. An electrical field is generated within the screen 38 are essentially identical, except for the interfer- 

hologram when a potential difference is applied to the layers. ence fringes recorded in the reconfigurable HOEs 42-46 and 

The reconfigurable HOE has at least two optically oper- 48-52. Therefore, only the holographic reflector will be 

ating states, a diffractive state and a passive state. The described in detail. In FIG. 3, the components of the 

optical properties of the reconfigurable HOE primarily 45 reconfigurable HOEs 42-46 of the holographic reflector are 

depend on the recorded holographic fringes in the photo- shown. Each reconfigurable HOE 42-46 includes a holo- 

polymeric film. In the diffractive state, the reconfigurable gram 54, 56 or 58 that is positioned between two electrodes 

HOE diffracts propagating light in a predefined manner. In 60. The reconfigurable HOE 42 includes the hologram 54 

the passive state, the reconfigurable HOE does not optically that is sandwiched between two electrodes 60. Similarly, the 

alter the propagating fight. Initially, the hologram of the 50 reconfigurable HOE 44 includes the hologram 56 between a 

reconfigurable HOE is in the diffractive state, such that pair of electrodes 60, and the reconfigurable HOE 46 

received light is diffracted in the predefined manner. includes the hologram 58 between another pair of electrodes 

However, when an electrical field is created in the hologram 60. Each hologram is holographically configured to have a 

by applying voltage to the electrode layers of the reconfig- diffractive characteristic that directs projected image com- 

urable HOE, the optical state of the hologram switches from 55 ponents to the viewing screen 38. However, each hologram 

the diffractive state to the passive state. is also configured such that only a particular monochromatic 

The image generator 28 of the monitor 26 may be a light is diffracted by the hologram. Consequently, each of the 

conventional image generator, such as the image generator holograms diffracts only the projected image component that 

16 of the prior art system 10. Although not shown in FIG. 2, corresponds to a particular color. The hologram 54 is dedi- 

the image generator 28 preferably utilizes a reflective min- 60 cated to operate on the red image component. The hologram 

iature silicon backplane device, such as an SVGA device 56 is configured to only operate on the green image 

manufactured by Colorado MicroDisplays, as a display component, while the hologram 58 is specific to the blue 

panel. The image generator operates to sequentially generate image component. 

and project color sets of monochromatic image components. The electrodes 60 of the reconfigurable HOEs 42-46 are 

A single color set includes three monochromatic image 55 individually coupled to a voltage controller 62. The voltage 

components mat correspond to the tristimulus color, i.e., red, controller selectively provides an excitation signal to the 

green and blue. These image components are optically electrodes of a selected reconfigurable HOE, switching the 
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hologram of that reconfigurable HOE from the diffiractive 
state to the passive state. The hologram in the passive state 
can then be switched to the diffractive stale by removing the 
voltage to the electrodes. 

Although not illustrated, the reconfigurable HOEs 48-52 
of the viewing screen 38 also include holograms that are 
positioned between two electrodes. The reconfigurable 
HOEs of the viewing screen may be coupled to the voltage 
controller 62, along with the reconfigurable HOEs 42-46 of 
the holographic reflector 36. In an alternative arrangement, 
the reconfigurable HOEs of the viewing screen may be 
coupled to a separate voltage controller. The only significant 
difference between the reconfigurable HOEs 42-46 and the 
reconfigurable HOEs 48-52 is that the reconfigurable HOEs 
42-46 are holographically configured to reflect and diffract 
the projected image components, while the reconfigurable 
HOEs 48-52 are configured to diffuse the projected image 
components. 

The reconfigurable HOEs 42-46 of the holographic 
reflector 36 and the reconfigurable HOEs 48-52 of the 
viewing screen 38 allow the monitor 26 to operate in either 
a display mode or a "see -through" mode. In the display 
mode, the monitor actively operates to display color images 
on the viewing screen. In the see-through mode, the monitor 
ceases the display operation and becomes transparent, 
allowing a viewer to see an external display device 64 that 
is positioned behind the monitor through the viewing screen 
and the holographic reflector 36 of the monitor. The external 
display device may be a conventional computer monitor. 
Consequently, the back surface of the housing 40 facing the 
external display device is optically transparent to facilitate 
the see-through mode of the monitor. An outer liquid crystal 
(LC) shutter (not shown) may be incorporated onto the back 
surface of the housing to shut out external ambient light, 
while the monitor is in the display mode. 

During the display mode, the monitor 26 operates to 
display a color image by sequentially projecting three mono- 
chromatic image components to the viewing screen 38, with 
each monochromatic image component corresponding to 
one of the tristimulus colors. The monochromatic image 
components are sequentially generated and projected toward 
the mirror 32 by the image generator 28. The projected 
image components are then reflected by the mirror and 
redirected toward the holographic reflector 36. While propa- 
gating from the image generator to the holographic reflector, 
the projected image components are transmitted through the 
optical devices 30 and 34 that operate to correct off-axis 
aberrations. After traveling through the optical device 34, 
the image components are reflected by the holographic 
reflector toward the viewing screen. In addition, the holo- 
graphic reflector optimally diffracts the images to minimize 
color dispersion. The diffractive characteristic of the holo- 
graphic reflector is primarily due to the recorded interfer- 
ence fringes in the holograms of the reconfigurable HOEs 
42^16. 

The reconfigurable HOEs 42-46 of the holographic 
reflector 36 operate sequentially to optically manipulate the 
projected monochromatic image components. In a cycle 
synchronized with the refresh rate of the image generator 28, 
the reconfigurable HOEs of the holographic reflector are 
selectively and individually set to the diffractive state by the 
voltage controller 62. During a period when the image 
generator 28 projects a red image component, the reconfig- 
urable HOE 42 is set to the diffractive state to reflect and 
diffract the red image component toward the viewing screen 
38. The other reconfigurable HOEs 44 and 46 of the holo- 
graphic reflector are set to the passive state. During a period 
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when the image generator projects a green image 
component, the reconfigurable HOE 44 is set to the diffrac- 
tive state to reflect and diffract the green image component 
toward the viewing screen, while the reconfigurable HOEs 

5 42 and 46 are set to the passive state. Similarly, during a 
period when the image generator projects a blue image 
component, the reconfigurable HOE 46 is set to the diffrac- 
tive state to reflect and diffract the blue image component 
toward the viewing screen, while the reconfigurable HOEs 

10 42 and 44 are set to the passive state. The order in which the 
monochromatic image components are projected by the 
image generator and then reflected and diffracted by the 
reconfigurable HOEs of the holographic reflector is not 
critical to the invention. 

15 The diffracted image components from the holographic 
reflector 36 are then sequentially diffused by the viewing 
screen 38. The viewing screen 38 operates in a similar 
manner as the holographic reflector. The reconfigurable 
HOEs 48-52 of the viewing screen diffuse the projected 

20 monochromatic images in a sequential fashion, similar to the 
reconfigurable HOEs 42-46 of the holographic reflector. 
During the period when the image generator 28 projects the 
red image component and the reconfigurable HOE 42 of the 
holographic reflector is set to the diffractive state, the 

25 reconfigurable HOE 48 of the screen is also set to the 
diffractive state to diffuse the red image component in the 
predetermined diffusion pattern. The other reconfigurable 
HOEs 50 and 52 of the screen are set to the passive state. 
During the period when the image generator projects the 

30 green image component and the reconfigurable HOE 44 of 
the holographic reflector is set to the diffractive state, the 
reconfigurable HOE 50 of the screen is also set to the 
diffractive state to diffuse the green image component in the 
predetermined diffusion pattern, while the reconfigurable 

35 HOEs 48 and 52 are set to the passive state. Similarly, during 
the period when the image generator projects the blue image 
component and the reconfigurable HOE 46 of the holo- 
graphic reflector is set the diffractive state, the reconfig- 
urable HOE 52 of the screen is set to the diffractive state to 

40 diffuse the blue image component in the predetermined 
diffusion pattern, while the reconfigurable HOEs 48 and 50 
are set to the passive state. With a sufficient refresh rate of 
the image generator and a corresponding switching rate of 
the reconfigurable HOEs 42-46 and 48-52, the sequentially 

45 diffused monochromatic image components form a single 
image that will appear to be in color, due to fusion of the 
three image components within the eye integration time. 
Since a single hologram of the reconfigurable HOEs 42-52 
operates on a particular monochromatic image, the issue of 

50 color aberration due to wavelength variations is virtually 
eliminated. 

During the see-through mode, the monitor 26 operates to 
become optically transparent, so that the external display 
device 64 can be seen through the monitor. In this mode, the 

55 reconfigurable HOEs 42-46 of the holographic reflector 36 
and the reconfigurable HOEs 48-52 of the viewing screen 
38 are all set to the passive state. The passive state of the 
reconfigurable HOEs 42-52 allows a viewer to observe an 
image displayed on the external display device through the 

eo viewing screen 38 and the holographic reflector 36 of the 
monitor. 

Turning to FIG. 4, a projection monitor 66 in accordance 
with a second embodiment is shown. The same reference 
numerals of FIG. 2 will be used for the same components 
65 illustrated in FIG. 4. The monitor 66 includes the image 
generator 28, projection optics 68, the holographic reflector 
36 and the viewing screen 38 that are collectively contained 
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within the housing 40. The projection optics 68 essentially pattern by a second reconfigurable HOE of the viewing 

performs the functions of the optical devices 30 and 34 of screen, so that the viewing screen displays a uniformly 

the monitor 66. The projection optics provides the optical bright image, even at large viewing angles, 

interface between the image generator and the holographic What is claimed is: 

reflector. The projection optics may include a combination 5 1. A display system comprising: 

of off-axis aspheric, cylindrical and prismatic optical ele- image -gene rating means for projecting an input image; 

ments to correct for off-axis aberrations caused by the redirecting means optically positioned to receive said 

particular arrangement of the monitor's components. The mput ^agg propagating in an initial direction for 

projection optics may be designed to be anamorphic to reflecting and diffracting said input image toward a 

compensate for the off- axis aberrations. The monitor may 10 second direction different than said initial direction, 

include the LC shutter (not shown) incorporated onto the sa fd redirecting means including a first reconfigurable 

back surface of the housing. The component arrangement of holographic optical element having a controllable opti- 

the monitor 66 preferably allows the depth D of the housing ^1 characteristic that is responsive to an applied elec- 

40 to be equal to or less than half the height H of the viewing trical field; and 

screen ; 15 display means operatively associated with said redirecting 

Similar to the monitor 26 of FIG. 2, the monitor 66 can means for displaying said input image reflected and 

operate in a see-through mode or a display mode. The diffracted by said redirecting means, 

see-through mode of the monitor 66 is identical to the 2. The system of claim 1 wherein said display means 

see-through operation of the monitor 26 of FIG. 2. During includes a second reconfigurable holographic optical ele- 

the see -through mode, the reconfigurable HOEs 42—52 of 20 ment having a controllable diffusing characteristic that is 

the holographic reflector 36 and the viewing screen 38 are responsive to a second applied electrical field, said second 

set to the passive state, so that the external display device 64 reconfigurable holographic optical element being configured 

can be seen through the monitor. However, the display to diffuse said input image in a predetermined diffusion 

operation of the monitor 66 is slightly different than the pattern when in a diffractive state. 

operation of the monitor 26. The primary difference between 2 s 3. The system of claim 2 wherein said first reconfigurable 

the two monitors is that for the monitor 66, the image holographic optical element of said redirecting means is 

components projected from the image generator 28 are positioned relative to said second reconfigurable holo- 

directly transmitted to the holographic reflector 36, instead graphic optical element of said display means such that an 

of being first reflected by a reflective element, such as the emanating surface of said first reconfigurable holographic 

mirror 32. Another difference between the two monitors is 30 optical element is nonparallel to an incident surface of said 

that the incident angles of the projected image components second reconfigurable holographic optical element, 

on the holographic reflector 36 and the viewing screen 38 of 4 Th e sys tem of claim 2 further comprising a housing that 

the monitor 66 may be different than the corresponding includes said image-generating means, said redirecting 

incident angles in the monitor 26. In an arrangement in mcans anc j sa jd display means, said housing being substan- 

which the incident angles differ, the optical characteristics of 35 t i a u y optically transparent in a direction generally parallel to 

the reconfigurable HOEs 42-52 of the monitor 66 are an ax i s tnat is normal to a viewing surface of said display 

holographically configured to compensate for these differ- means, such that said system is transparent in said direction 

ences. when said first and second reconfigurable holographic opti- 

The display operation of the monitor 66 will be briefly C al elements are in a passive state, 

described. Initially, the image generator 28 sequentially 40 5. The system of claim 1 further comprising a reflective 

generates and projects three monochromatic image compo- means optically positioned between said image-generating 

nents that correspond to the tristimulus colors toward the means and said redirecting means for reflecting said input 

holographic reflector 36 via the projection optics 68. The image from said image-generating means to said redirecting 

projection optics corrects the off-axis aberrations of the means. 

projected image components. In a cycle that is both tempo- 45 6. The system of claim 1 wherein said first reconfigurable 
rally and chromatically synchronized with the sequenced holographic optical element includes a hologram containing 
projection of the three monochromatic image components, liquid crystal and photopolymeric material, 
the reconfigurable HOEs 42-46 of the holographic reflector 7. The system of claim 1 wherein said first reconfigurable 
and the reconfigurable HOEs 48-52 of the viewing screen holographic optical element of said redirecting means is 
38 are sequentially enabled to reflect, diffract and diffuse the 50 holographically configured to optically manipulate mono- 
image components to display a color image formed by the chromatic light such that said input image is monochomati- 
three monochromatic image components on the viewing cally displayed on said display means when diffracted by 
screen. said first reconfigurable holographic optical element. 

A method of displaying an input image on a screen of a 8. The system of claim 7 wherein said first reconfigurable 

projection monitor in accordance with the present invention 55 holographic optical element of said redirecting means is one 

will be described with reference to FIG. 5. At step 70, the member of a set of three reconfigurable holographic optical 

input image is generated and projected by an image genera- elements included in said redirecting means, each of said 

tor of the projection monitor. In a first embodiment, the input three reconfigurable holographic optical elements being 

image is then reflected toward a holographic reflector by a holographically configured to optically manipulate light of a 

mirror, at step 72. However, in a second embodiment, the 60 particular tristimulus color when in a diffractive state to 

input image is directly transmitted to the holographic reflec- display a color image comprised of at least said input image 

tor. At step 74, the input image is received by the holo- on said display means. 

graphic reflector. The input image is then reflected and 9. The system of claim 8 further comprising a voltage 

diffracted toward a viewing screen by a first reconfigurable controller electrically coupled to said three reconfigurable 

HOEof the holographic reflector, at step 76. Next, at step 78, 65 holographic optical elements of said redirecting means to 

the input image is received by the viewing screen. At step selectively provide voltage to said three reconfigurable 

80, the input image is diffused in a predefined diffusion holographic optical elerhents, said voltage provided by said 
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voltage controller being sufficient to generate said applied 
electrical field. 

10. A method of displaying an output image on a display 
system comprising steps of: 

projecting an input image from an image generator of said 5 
system; 

receiving said input image projected from said image 
generator by an optical device of said system, said input 
image propagating in a first direction prior to being 
received by said optical device; 

reflecting said input image in a second direction by a 
reconfigurable holographic optical element of said opti- 
cal device, including selectively diffracting said input 
image, said reconfigurable holographic optical element 
having a controllable optical characteristic that is 
responsive to an applied electrical field; and 

displaying said input image on a display screen of said 
system. 

11. The method of claim 10 wherein said step of display- 2 o 
ing said input image includes a step of diffusing said input 
image in a predefined diffusion pattern by a second holo- 
graphic optical element included in said display screen, said 
second holographic optical element having a controllable 
diffusing characteristic that is responsive to a second applied 2 s 
electrical field. 

12. The method of claim 10 further comprising a step of 
reflecting said input image from said image generator 
toward said optical device such that said input image is 
reflected from an initial direction to said first direction. 30 

13. The method of claim 12 wherein said step of reflecting 
said input image from said image generator toward said 
optical device is a step of reflecting said input image from 
said image generator toward said optical device such that 
said input image is reflected from said initial direction to 35 
said first direction in which said first direction is generally 
perpendicular to said initial direction. 

14. The method of claim 10 further comprising a step of 
correcting off-axis aberrations of said input image projected 
from said image generator by transmitting said input image 40 
through at least one optical element. 

15. The method of claim 10 wherein said step of project- 
ing said input image is a step of projecting a monochromatic 



input image from said image generator, and wherein said 
step of reflecting said input image is a step of reflecting said 
monochromatic input image in said second direction by said 
reconfigurable holographic optical element of said optical 
device, including selectively diffracting said monochromatic 
input image. 

16. A projection system comprising: 

an image generator that projects input images in an initial 
direction; 

a holographic reflector optically positioned to reflect said 
input images projected from said image generator 
toward a final direction, said holographic reflector 
including a first reconfigurable holographic optical 
element having an optical characteristic that is control- 
lable by an applied electrical field; and 

a viewing screen situated relative to said holographic 
reflector to receive said input images reflected by said 
holographic reflector to display said input images. 

17. The system of claim 16 wherein said holographic 
reflector is positioned relative to said viewing screen such 
that opposing surfaces of said holographic reflector and said 
viewing screen make an angle greater than zero degrees. 

18. The system of claim 16 wherein said viewing screen 
includes a second reconfigurable holographic optical ele- 
ment having an optical characteristic to angularly vary 
intensity of emanating light, said optical characteristic being 
controllable by a second applied electrical field. 

19. The system of claim 16 further comprising a reflective 
element positioned between said image generator and said 
holographic reflector, said reflective element having a reflec- 
tive surface that is orientated to reflect said input images 
from said image generator to said holographic reflector. 

20. The system of claim 16 wherein said first reconfig- 
urable holographic optical element of said holographic 
reflector is one member of a set of three holographic optical 
elements included in said holographic reflector, each of said 
three holographic optical elements being holographically 
configured to optically manipulate said input images of a 
particular tristimulus color. 
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